Introduction
============

Osteoporosis is a disorder that currently affects an estimated 75 million patients in Europe, Japan, and the US.[@b1-ijwh-3-415] It is important that we take preventive measures against osteoporosis not only in these countries, where populations are aging, but in Asian and African countries where populations are expected to age in the future. It has been shown that high-impact exercise and increased calcium intake are effective for the acquisition of peak bone mass in childhood, as well as for reducing bone loss and fracture risk during and after menopause.[@b2-ijwh-3-415],[@b3-ijwh-3-415]

Daily calcium and vegetable intake is lowest in adult women in their 20s.[@b4-ijwh-3-415] The proportion of women in their 20s with a low body mass index (\<18.5) is 25%, which is the highest percentage of all the age groups. Without intervention, the number of postmenopausal patients seen with osteoporosis is expected to increase. Enhancing bone strength by health education may be effective in preventing osteoporosis among young women.

It has been reported that intervention via email is effective in promoting behavioral modification.[@b5-ijwh-3-415] However, there have been no reports that clearly show the effects of Internet education on behaviors to prevent osteoporosis. In this study, we provided health support to women aged 18--25 years (the age group when peak bone mass is acquired and maintained) via email with the aim of promoting a better understanding of osteoporosis and implementing preventive behaviors. The objective was to determine whether or not educational intervention using email, a commonly used communication tool, would increase bone strength in young women.

Methods
=======

Subjects in this study were 253 healthy female students aged 18--25 years from the University of Yamanashi and Yamanashi Prefectural Junior Nursing College. The trial was carried out from May 2005 to January 2006. Subjects were given an adequate verbal explanation of the trial, and gave their written informed consent for voluntary participation. The study procedures were implemented according to the ethical guidelines for epidemiologic research and clinical studies, and approval was given by the ethics committee of the Faculty of Medicine, University of Yamanashi. On the basis of initial measurements, the subjects were stratified according to bone strength (stiffness index), a bone formation marker (bone alkaline phosphatase), and a marker of bone resorption (urinary N-telopeptide), and allocated to either an intervention group (n = 126) or a control group (n = 127).

Educational program for intervention group
------------------------------------------

The educational program involved setting targets for the amount of exercise and calcium intake required to prevent osteoporosis, ie, jumping on the spot as high as possible ten times a day and increasing calcium intake from dairy products by 300 mg/day to a total of 800 mg/day. Subjects were required to report the amount of calcium they had ingested and the number of jumps they had done on a weekly basis to the investigator by email. The investigator sent out information on osteoporosis and preventive behaviors to subjects via five emails, ie, foods containing a lot of calcium and amount of calcium contained in one serving of these foods (email 1), amount of calcium contained in milk, yogurt, and cheese by manufacturer and product (email 2), examples of ways of cooking to promote absorption of calcium into the body, eg, simultaneous intake of milk and lemon juice (email 3), types of exercise and their bone density-enhancing effects (email 4), and specific methods and advice for continuing the behaviors to prevent osteoporosis (email 5). Height and weight were measured at the start of the trial. A questionnaire survey on diet and exercise habits was carried out at the start of the trial and 6 months later.

Instructions for control group
------------------------------

After initial measurement of bone strength, each subject was told her measured bone density value and the average bone density of a 20-year-old woman. Each subject was also given a sheet explaining osteoporosis and preventive behaviors.

Ultrasound bone parameter
-------------------------

The quantitative ultrasound (QUS) method can be used to assess bone status easily without any exposure to radiation. Speed of sound (SOS) reflects bone density and the qualitative characteristics of bone, and broadband ultrasound attenuation (BUA) reflects the three-dimensional distribution of bone density and bone trabeculae. The bone stiffness index (SI) is used to evaluate SOS and BUA and is calculated as 0.67 × BUA + 0.28 × SOS − 420. Bone mineral content and bone density values on imaging are currently used to diagnose osteoporosis. It has been demonstrated that there is a correlation between the SOS measured at the calcaneus by QUS and bone density at the lumbar spine measured using dual energy x-ray absorptiometry.[@b6-ijwh-3-415]--[@b12-ijwh-3-415] The Achilles A-1000 Plus (Lunar Corporation, Madison, WI) can be used to measure SOS and BUA at the calcaneus, 95% of which consists of cancellous bone. The ultrasound bone evaluation method provides information on the microstructure of bone and bone quality, and the calcaneus was used in this study because it is known to have a rapid metabolic turnover rate and is sensitive to the influence of a decrease in weight-bearing. [@b13-ijwh-3-415]--[@b15-ijwh-3-415]

Measurement of bone metabolism markers
--------------------------------------

Bone maintains a balance between bone resorption and formation by exchanging information between osteoclasts and osteoblasts. Bone metabolism markers are thought to reflect changes in bone mass before and after measurement because they quantitatively indicate bone metabolism at the time of measurement. Bone metabolism markers are also indicators of bone quality, which is different from bone density. Type I collagen cross-linked N-telopeptide (NTX) is a bone resorption marker, in which NTX refers to fragments generated by the degradation of osteoclast collagen which are metabolized in the liver and kidney and excreted in urine. The test was carried out at approximately the same time of day, because this marker exhibits diurnal variation. The second urine sample was collected and measured. Bone alkaline phosphatase (BAP) is a bone formation marker in the serum that is produced at different stages of osteoblast differentiation. Measurement of these bone metabolism markers was outsourced to Mitsubishi Kagaku Bio-Clinical Laboratories Inc, Tokyo, Japan.

Statistical analysis
--------------------

An unpaired *t*-test was used to compare the averages between the two groups. To compare the averages between the three groups, one-way analysis of variance was performed, followed by Sheffe's multiple comparisons test. Weight was used as a covariate in every comparison between the groups. Differences between percentages were assessed using a Chi-squared test with a significance level of 5%. Statistical analysis software (SPSS 13.0J, SPSS Inc, Chicago, IL) was used.

Results
=======

Baseline measurements
---------------------

[Tables 1](#t1-ijwh-3-415){ref-type="table"} and [2](#t2-ijwh-3-415){ref-type="table"} show the mean baseline values for the intervention and control groups. There were no significant differences between the groups in terms of age, weight, body mass index, bone strength, ie, SI, SOS, and BUA, or bone metabolism markers, ie, BAP and NTX (unpaired *t*-test; *P* \> 0.05). There was also no difference between the two groups in terms of the percentages of subjects who had good exercise habits, ie, those who had exercised for at least 30 minutes at a time twice weekly or more (Chi-squared test, *P* \> 0.05, data not shown).

Effects of intervention
-----------------------

Of the 253 subjects, 182 (the intervention group \[n = 87, 69.0%\] and the control group \[n = 95, 74.8%\]) underwent remeasurement 6 months after the start of the trial ([Figure 1](#f1-ijwh-3-415){ref-type="fig"}). Bone density and bone metabolism markers were compared between the intervention group and the control group. For subjects who were not remeasured after 6 months, baseline levels were used as the remeasurement values. Intention to treat analysis was performed to identify if the intervention had made any difference to bone strength.

There were no significant differences between the groups for bone strength parameters measured at baseline and 6 months later ([Table 2](#t2-ijwh-3-415){ref-type="table"}). Rate of change was calculated by dividing the variations in SI, SOS, and BUA over 6 months by the baseline values. No significant difference was observed in the rate of change for SI and SOS between the groups. However, the control group showed a significantly higher rate of decline in BUA than the intervention group (unpaired *t*-test, *P* = 0.01, [Figure 2](#f2-ijwh-3-415){ref-type="fig"}).

There were no significant differences between the groups for bone metabolism markers measured at baseline and 6 months later. The rate of change was calculated by dividing the variations in bone alkaline phosphatase and NTX over 6 months by the baseline values. BAP decreased, whereas NTX increased, but no significant differences were observed between the groups for both BAP and NTX.

How well the subjects had implemented the recommended behaviors to prevent osteoporosis during the previous 6 months was investigated using a questionnaire at remeasurement 6 months after the start of the trial. In both groups, the percentage of subjects who had increased their calcium intake was about 50%, and the percentage of subjects who had done at least 30 minutes of exercise once a week or more was about 20% ([Table 3](#t3-ijwh-3-415){ref-type="table"}). Sixty-four (50.8%) of the intervention subjects and ten (7.9%) of the controls had performed high jumps on the spot ten times a day, showing a significant difference between the two groups (Chi-squared test, *P* \< 0.001).

Effects of jumping and increased calcium intake
-----------------------------------------------

In the intervention group, 54 subjects (42.9%) had reported their daily calcium intake and number of jumps per day via email. The average amount of additional calcium ingested each day, as calculated from the data sent to the researcher, was 216.3 ± 85.9 mg, whereas the average number of jumps performed per day was 6.4 ± 4.2. Subjects in the intervention group were divided into two groups, ie, an implementation group, which consisted of the subjects who reported the number of jumps performed and the intake of calcium (in other words, those who implemented preventive behaviors for osteoporosis) and a nonimplementation group, which consisted of the subjects who did not send in reports. Comparison was conducted among these two groups and the control group in regard to changes in bone strength parameters and changes in bone metabolism markers.

There were no significant differences among the implementation, nonimplementation, and control groups in any of the bone strength parameters or bone metabolism markers measured at the start of the trial and 6 months later ([Figure 3](#f3-ijwh-3-415){ref-type="fig"}). The rate of change was calculated by dividing variations during the 6 months by the initial measured values. Analysis of variance performed for the three groups showed no significant difference in the rate of change of bone SI and SOS, but there was a significant difference for BUA (*P* = 0.017). In addition, a multiple comparisons test was conducted using weight and the baseline BUA value as covariates. Sheffe's multiple comparison test showed that the rate of decrease in the control group was larger than that in the implementation group (*P* = 0.049). Each group showed a decrease in BAP, and the implementation group had an increased NTX. However, no statistically significant differences were observed among the implementation, nonimplementation, and control groups.

Discussion
==========

This study was carried out using more than 100 subjects in each group in order to understand changes in bone status over a long period of time and evaluate the effects of intervention. For osteoporosis treatment, a minimum of 800 mg of calcium intake per day is required.[@b16-ijwh-3-415] The average amount of calcium intake in Japanese women is 523 mg. Therefore, this study aimed to increase current calcium intake by 300 mg/day to a total of at least 800 mg/day. We considered dairy products to be foods that enable the body to absorb calcium most efficiently and enable people to take calcium by mouth in a continuous manner in order to increase the amount of calcium intake. However, because the actual amount of additional calcium intake was 216.3 mg/day on average, the total amount of calcium intake per day was estimated at 739 mg (an average intake of 523 mg for women in their 20s plus 216 mg).

It is also reported that an increase in the amount of vitamin D and calcium intake decreases the risk of falls, resulting in decreased fragility fractures caused by falls among the elderly.[@b17-ijwh-3-415],[@b18-ijwh-3-415] Vitamin D promotes bone formation and plays a part in protein synthesis in muscles and muscle contraction. It is recommended that young women take 11 μg (400 IU) of vitamin D per day.[@b19-ijwh-3-415] Young Japanese women take 6.5 μg/day of vitamin D on average compared with the nutrition intake standard of 5.5 μg/day.[@b20-ijwh-3-415] Given that the average intake amount meets the intake standard, this study did not set a target for vitamin D ingestion.

This study set the target for weight-bearing exercise to ten jumps per day, but the actual number of jumps reported was 6.4 per day. Shibata et al reported that performing the jumping exercise over 1 year increased BAP for women in their 30s.[@b2-ijwh-3-415] However, the intervention period of the present study was shorter at 6 months, and this bone metabolism marker was in a period of change towards slow turnover, so there was significant intraindividual variation. In our opinion, that is why no effect of the intervention was observed. The most effective methods for maintaining adequate calcium, vitamin D, and protein intake, as well as weight-bearing exercise must be considered, in the future.

Comparison of the rate of change in ultrasound bone density measurements over 6 months between the intervention group and control group showed no difference in SI, which represents overall bone strength. Both SOS and BUA reflect bone stiffness.[@b21-ijwh-3-415] SOS is determined by Young's modulus and bone density, which reflects the total mass of cortical bone and cancellous bone, and shows a high correlation with bone density. Meanwhile, BUA reflects the trabecular structure of cancellous bone. SOS and BUA values reflect different aspects of bone.[@b22-ijwh-3-415]

SOS increased slightly at the same rate in both groups, whereas the BUA value in the control group decreased significantly compared with that in the intervention group. The measurement error of BUA with the same equipment was 0.9%--1.2% according to Yamazaki.[@b23-ijwh-3-415] Because the difference in the rate of change of BUA over 6 months between the intervention group and control group was 2.1%, the rate of decrease in BUA is considered to have been reduced by the intervention over 6 months.

In this study the researcher measured bone strength at the calcaneus, 90% of which consists of cancellous bone. This site has a rapid metabolic turnover and is most susceptible to the influence of zero gravity and nonweight-bearing conditions. [@b24-ijwh-3-415]--^26^ In a study of 181 people aged 14--17 years, it was reported that BUA and SI had a high correlation with weight and body mass index, but had no relationship with SOS. It can be considered that the exercise of jumping as high as possible stimulated the trabecular structure of the calcaneus and reduced the decrease in BUA.

Mobile phone email is easy to use and convenient, and the user can view messages anytime and anywhere. This enabled a single researcher to determine the implementation status of a large number of subjects and communicate with the email senders. However, because it is easy to change email address using a mobile phone, there were some subjects with whom the researcher lost contact and could not continue the intervention to the end of the trial period.

An intention-to-treat analysis was used to evaluate insignificant effects when determining the results of a randomized controlled trial. In this study, BUA was decreasing after 6 months. It cannot be denied that the use of values measured at the start of trial for subjects who were not to be subjected to remeasurements 6 months later contributed to a reduction in the rate of decrease. However, the intention-to-treat analysis was carried out because there was no significant difference between the groups in the percentage of subjects who underwent remeasurement.

Young women have the lowest levels of nutritional intake, exercise, and health awareness of all the age groups, probably because they are at an age where they have almost no concern about health. The number of those who increased their calcium intake and those who had gained the habit of regular exercise had increased in the present study compared with the baseline. We consider that recognition of their bone strength by measurement raised their awareness of osteoporosis. At the same time, the knowledge that they obtained encouraged them to change their health behavior. Better understanding of osteoporosis and implementation of preventive behaviors should have a good influence on the child-rearing ability of these women, because their generation will become mothers in a few years. In this sense, the educational intervention was socially meaningful.

There are limitations to generalizing the results of this study because its subjects were limited to female university and junior college students and women who were in their 20s and not selected at random. In addition, considering that the subjects were young women, this study used the noninvasive ultrasound method and measured the calcaneus, ie, peripheral bone. Given that bone density varies at different anatomical sites, the measurements in this study do not reflect increased bone mass in the whole body, particularly in the vertebral and femoral areas. It cannot be denied that the number of subjects was insufficient to evaluate the effects of intervention, because those who implemented osteoporosis preventive behaviors (and reported their calcium intake amount and number of jumps) accounted for 42% of all the subjects and those who underwent remeasurement accounted for approximately 70%.

Conclusion
==========

Health education for preventing osteoporosis using Internet email was carried out for women aged 18--25 years, but no significant difference in bone stiffness index, an indicator for bone strength, was observed between the intervention group and the control group. However, the intervention consisted of high jumps on the spot (ten times a day), which reduced the drop in BUA, and thus indicates robustness of the trabecular structure. This suggests that a longer intervention period may maintain or improve bone strength.
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![Progress of the study and subjects.\
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![Change in quantitative ultrasound parameters of calcaneus in intervention group and control group.\
**Note:** \*\**t*-test, *P* \< 0.01.\
**Abbreviations:** n, number; SI, stiffness index; SOS, speed of sound; BUA, broadband ultrasound attenuation.](ijwh-3-415f2){#f2-ijwh-3-415}

![Change in quantitative ultrasound parameters of calcaneus in implementation, nonimplementation and control groups.\
**Note:** \**P* \< 0.05.\
**Abbreviations:** SI: stiffness index; SOS, speed of sound; BUA, broadband ultrasound attenuation; n, number.](ijwh-3-415f3){#f3-ijwh-3-415}

###### 

Age and anthropometric measures

                Intervention (n = 126) (mean ± SD)   Control (n = 127) (mean ± SD)
  ------------- ------------------------------------ -------------------------------
  Age           19.29 ± 1.52                         19.31 ± 1.38
  Height (cm)   158.49 ± 4.96                        159.02 ± 5.42
  Weight (kg)   52.03 ± 8.18                         51.10 ± 5.83
  BMI           20.55 ± 3.62                         20.26 ± 2.23

**Note:** *t*-test, *P* \> 0.05.

**Abbreviations:** BMI, body mass index; n, number; SD, standard deviation.

###### 

QUS parameters and bone metabolism markers at baseline and 6 months later

               Intervention (n = 126)   Control (n = 127)                     
  ------------ ------------------------ ------------------- ----------------- -----------------
  SI           92.68 ± 12.81            94.83 ± 12.65       94.44 ± 12.12     95.83 ± 12.40
  SOS (cm/s)   1563.61 ± 28.01          1573.36 ± 28.52     1566.80 ± 26.83   1576.48 ± 26.75
  BUA          111.63 ± 10.48           111.37 ± 9.67       113.83 ± 9.10     111.65 ± 10.12
  BAP          25.37 ± 7.17             22.80 ± 6.57        25.12 ± 7.47      22.99 ± 7.37
  NTX          66.41 ± 32.03            66.98 ± 30.12       66.98 ± 30.12     63.13 ± 30.26

**Abbreviations:** QUS, quantitative ultrasound; n, number; SD, standard deviation; SI, stiffness index; SOS, speed of sound; BUA, broadband ultrasound attenuation; BAP, bone alkaline phosphatase; NTX, urinary n-telopeptide.

###### 

Execution ratio of osteoporosis prevention action for 6 months

                                                                          Intervention (n = 126)   Control (n = 127)
  ----------------------------------------------------------------------- ------------------------ -------------------
  Calcium intake increase                                                 66 (52.3%)               60 (47.2%)
  Exercise                                                                26 (20.6%)               29 (22.8%)
  Jump (ten times per day)[\*\*](#tfn5-ijwh-3-415){ref-type="table-fn"}   64 (50.8%)               10 (7.9%)

**Notes:** Exercise; movement executed more than once per week for at least 30 minutes each time.

χ^2^, *P \<* 0.001.

**Abbreviation:** n, number.
